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(57) ABSTRACT

A display device includes a plurality of pixels. Each pixel
includes a first transistor that controls an amount of current
received from a first power supply voltage line connected
via a second node to an organic light emitting diode in
response to a voltage of a first node, a second transistor
connected between a data line and the second node and that
includes a first gate electrode connected to a first scan line,
a light emitting line connected to a gate electrode of at least
one light emitting transistor located 1 a current path
between the first power supply voltage line and the organic
light emitting diode, and a seventh transistor connected
between one of at least one second gate electrode of the
second transistor and the light emitting line. Accordingly, a
threshold voltage of a switching transistor included 1n each
of the plurality of pixels may be negatively shifted.
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1
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a divisional of U.S. patent application

Ser. No. 16/567,578, filed on Sep. 11, 2019 1n the U.S. Patent
and Trademark Oflice, which claims priority under 35 USC

§ 119 from, and the benefit of, Korean Patent Application
No. 10-2019-0009400, filed 1n the Korean Intellectual Prop-

erty Oflice on Jan. 24, 2019, the contents of both of which
are herein 1incorporated reference 1n their entireties.

BACKGROUND

1. Technical Field

Embodiments of the present disclosure are directed to a
display device.

2. Description of the Related Art

As information technology has developed, importance of
a display device, which connects user and information, has
become emphasized. In response to this, the use of display
devices, such as a liquid crystal display device, an organic
light emitting display device, or a plasma display device, has
been increasing.

A display device includes a display panel for displaying
an 1mage, and the display panel includes a plurality of pixels,
cach of which 1s a minimum unit for displaying an image. A
pixel circuit 1s formed 1n each of the pixels, and the pixel
circuit includes transistors, such as a drive transistor and a
switching transistor. A threshold voltage of the transistor
included 1n the pixel circuit 1s set within a specific range, and
iI a threshold voltage 1s out of the range, an afterimage 1s
visible on the display device or an 1image displayed on a part
of the display device 1s displayed abnormally on other parts.

SUMMARY

An exemplary embodiment of the present disclosure
provides a display device includes a metal layer below the
active layer of a switching transistor included in each of a
plurality of pixels, and a high-level voltage 1s transmitted to
the metal layer to negatively shift a threshold voltage of the
switching transistor.

Another exemplary embodiment of the present disclosure
provides a display device in which a metal layer disposed
under a switching transistor 1s electrically connected to a
light emitting line, a high-level voltage light emitting signal
1s transmitted to the metal layer during a light emission
non-permission period of an organic light emitting diode and
the metal layer floats during a light emission permission
period, where visibility of an abnormal horizontal stripe of
the display device 1s reduced.

Still another exemplary embodiment of the present dis-
closure provides a display device in which a metal layer
disposed under a switching transistor 1s connected to a high
power supply voltage line and a high-level voltage 1s con-
tinuously transmitted to the metal layer during an image
frame, and a negative shift of a threshold voltage of the
switching transistor 1s more effectively performed.

According to an exemplary embodiment of the disclosure,
there 1s provided a display device. The display device
comprises a plurality of pixels. Each pixel includes a first
transistor that controls an amount of current received from
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a first power supply voltage line connected via a second
node to an organic light emitting diode 1n response to a
voltage of a first node; a second transistor connected
between a data line and the second node and that includes a
first gate electrode connected to a first scan line; a light
emitting line connected to a gate electrode of at least one
light emitting transistor located 1n a current path between the
first power supply voltage line and the organic light emitting
diode; and a seventh transistor connected between one of at
least one second gate electrode of the second transistor and
the light emitting line.

According to an exemplary embodiment of the disclosure,
there 1s provided a display device. The display device
comprises a plurality of pixels. Each pixel includes a first
transistor that controls an amount of current received from
a first power supply voltage line connected via a second
node to an organic light emitting diode 1n response to a
voltage of a first node, a second transistor connected
between a data line and the second node and that includes a
first gate electrode connected to a first scan line and one of
at least one second gate electrode connected to the first
power supply voltage line, and a light emitting line con-
nected to a gate electrode of at least one light emitting
transistor located in a current path between the first power
supply voltage line and the organic light emitting diode. The
light emitting signal 1s transmitted to the at least one second
gate electrode of the second transistor when the light emat-
ting signal of the light emitting line 1s at a high level, and the
at least one second gate electrode tloats when the light
emitting signal 1s at a low level.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a display device accord-
ing to an exemplary embodiment of the present disclosure.

FIG. 2 1s a circuit diagram of one pixel of a display device
according to an exemplary embodiment of the present
disclosure.

FIG. 3 1s a schematic cross-sectional diagram of one pixel
of a display device according to an exemplary embodiment
of the present disclosure.

FIG. 4 1s a timing diagram for one frame of a display
device according to an exemplary embodiment of the pres-
ent disclosure.

FIG. 5 15 a schematic cross-sectional diagram of one pixel
of a display device according to another exemplary embodi-
ment of the present disclosure.

FIG. 6 1s a circuit diagram of one pixel of a display device
according to another exemplary embodiment of the present
disclosure.

FIG. 7 1s a schematic cross-sectional diagram of one pixel
of a display device according to another exemplary embodi-
ment of the present disclosure.

FIG. 8 1s a schematic cross-sectional diagram of one pixel
of a display device according to another exemplary embodi-
ment of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Features of the present disclosure and methods of achiev-
ing the features will become apparent with reference to
exemplary embodiments described i1n detail below with
reference to the accompanying drawings. Embodiments of
the present disclosure may, however, take many diflerent
forms and should not be construed as being limited to the
exemplary embodiments set forth herein.
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Like reference numerals may refer to like elements
throughout the specification.

In 1interpreting the configuration element, 1t 1s construed to
include an error range even 1f there 1s no separate descrip-
tion.

Hereinafter, exemplary embodiments of the present dis-
closure will be described 1n detaill with reference to the
accompanying drawings.

FIG. 1 1s a schematic diagram of a display device accord-
ing to an exemplary embodiment of the present disclosure.

Referring to FIG. 1, according to an embodiment, a
display device 100 includes a timing controller 11, a data
driver 12, a scan driver 13, a light emitting driver 14, and a
pixel unit 15.

According to an embodiment, the timing controller 11
provides the data driver 12 with gray scale values, such as
data, and control signals according to a specification of the
data driver 12. The timing controller 11 provides the scan
driver 13 with a clock signal, a scan start signal, etc.,
according to a specification of the scan driver 13. The timing
controller 11 provides the light emitting driver 14 with the
clock signal, a light emitting stop signal, etc., according to
a specification of the light emitting driver 14.

According to an embodiment, the data driver 12 generates
and transmits data signals to data lines D1 to Dn using the
gray scale values and control signals received from the
timing controller 11. For example, the data dniver 12
samples the gray level values using the clock signal and
transmits data voltages corresponding to the gray scale
values to the data lines D1 to Dn as data signals. n 1s a
natural number.

According to an embodiment, the scan driver 13 receives
a clock signal, a scan start signal, etc., from the timing
controller 11 and generates and transmits scan signals to
scan lmmes S1 to Sm. For example, the scan driver 13
sequentially transmits scan signals that have turn-on level
pulses to the scan lines S1 to Sm. For example, the scan
driver 13 1s a shift register and generates scan signals so that
the scan start signals, each having a turn-on level pulse
shape, are sequentially transmitted to a next stage circuit
under the control of the clock signal. m 1s a natural number.

According to an embodiment, the light emitting driver 14
receives the clock signal, a light emitting stop signal, etc.,
from the timing controller 11 and generates and transmuits
light emitting signals to light emitting lines E1 to Fo. For
example, the light emitting driver 14 sequentially transmaits
light emitting signals that have turn-off level pulses to the
light emitting lines E1 to Eo. For example, the light emitting
driver 14 1s a shift register and generates the light emitting
signals so that the light emitting stop signals, each having a
turn-ofl level pulse shape, are sequentially transmitted to a
next stage circuit under the control of the clock signal. o 1s
a natural number.

The pixel umit 15 includes a plurality of pixels. According
to an embodiment, each of the plurality of pixels 1s con-
nected to a data line, a scan line, and a light emitting line.
For example, the pixel unit 15 includes a pixel PX1j con-
nected to an 1-th scan line Si1, a j-th data line Dy, and an 1-th
light emitting line Fi. Here, 1 and 7 are natural numbers.

FIG. 2 1s a circuit diagram of one pixel of a display device
according to an exemplary embodiment of the present
disclosure. FIG. 2 illustrates a circuit of the pixel PXiy 1n
FIG. 1.

Referring to FIG. 2, according to an embodiment, pixel
PX1ij includes first to seventh transistors M1 to M7, a storage
capacitor Cst, and an organic light emitting diode OLED.
Here, the second transistor M2 1s a double gate transistor.
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For example, the second transistor M2 has a first gate
electrode connected to the first scan line Si1, and a second
gate electrode 120, or a back gate or a barrier metal layer,
connected to the seventh transistor M7.

In a present exemplary embodiment, the first to seventh
transistors M1 to M7 are illustrated as P type transistors.
Accordingly, hereinatter, for the sake of convenient descrip-
tion, when a voltage applied to the gate electrode of the
transistor 1s at a low level, the voltage level is referred to as
a turn-on level, and when the voltage i1s at a high level, the
voltage level 1s referred to as a turn-ofl level.

Those skilled 1n the art will be able to realize the present
exemplary embodiment by replacing at least some of the
first to seventh transistors M1 to M7 with an N-type tran-
sistor. A P-type transistor 1s turned on when a gate-source
voltage 1s less than a threshold voltage, 1.e. a negative
number. An N-type transistor 1s turned on when the gate-
source voltage exceeds a threshold voltage, 1.e., a positive
number.

According to an embodiment, the first transistor M1 1s
connected between a second node N2 and a third node N3.
A gate electrode of the first transistor M1 1s connected to a
first node N1. The first transistor M1 can be turned on or off
in response to a voltage of the first node Ni. The first
transistor M1 1s referred to as a drive transistor.

According to an embodiment, the second transistor M2 1s
connected between the data line Dj and the second node N2.
A gate electrode of the second transistor M2 1s connected to
the first scan line S1. The second transistor M2 can be turned
on or ofl 1n response to a first scan signal transmitted to the
first scan line Si1. The second transistor M2 1s referred to as
a scan transistor or a switching transistor.

According to an embodiment, a second gate electrode 120
protects an active layer of the second transistor M2 and can
decrease a threshold voltage of the second transistor M2.
The second gate electrode 120 1s disposed 1n a lower portion
of the second transistor M2 and overlaps the active layer of
the second transistor M2. Disposition of the second gate
clectrode 120 and the second transistor M2 will be described
in detail below with reference to FIG. 3.

According to an embodiment, the third transistor M3 1s
connected between the first node N1 and a third node N3. A
gate electrode of the third transistor M3 1s connected to the
first scan line S1. The third transistor M3 can be turned on or
ol 1n response to the first scan signal transmaitted to the first
scan line Si.

According to an embodiment, the fourth transistor M4 1s
connected between the first node N1 and an initialization
power supply line VINTL. A gate electrode of the fourth
transistor M4 1s connected to the second scan line S(i-1).
The fourth transistor M4 can be turned on or ofl in response
to the second scan signal transmitted to the second scan line
S(1-1).

According to an embodiment, the fifth transistor M5 1s
connected between a first power supply voltage line
ELVDDL and the second node N2. A gate electrode of the
fifth transistor M5 1s connected to a light emitting line Ei.
The fifth transistor M5 can be turned on or turned off 1n
response to a light emitting signal transmitted to the emis-
sion line Ei.

According to an embodiment, the sixth transistor M6 1s
connected between the third node N3 and an anode electrode
of the organic light emitting diode OLED. A gate electrode
of the sixth transistor M6 1s connected to the light emitting
line Ei. The sixth transistor M6 can be turned on or off 1n
response to a light emitting signal transmitted to the light
emitting line Fai.
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According to an embodiment, the seventh transistor M7 1s
connected between the second gate electrode 120 and the
light emitting line Fi. A gate electrode of the seventh
transistor M7 and the second gate electrode 120 are electri-
cally connected to each other, and the seventh transistor M7
can function as a diode. For example, the seventh transistor
M7 1s turned on when the light emitting signal 1s transmaitted
to the light emitting line Fi1 and 1s turned off 1n other cases.

According to an embodiment, the storage capacitor Cst 1s
connected between the first power supply voltage line
ELVDDL and the first node N1.

In an organic light emitting diode OLED according to an
embodiment, an anode electrode thereof 1s connected to one
electrode of the sixth transistor M6, and a cathode electrode
thereot 1s connected to a second power supply voltage line
ELVSSL.

According to an embodiment, the first power supply
voltage ELVDD, which 1s a high-level voltage, 1s transmuit-
ted to the first power supply voltage line ELVDDL, the
second power supply voltage ELVSS, which 1s a low-level
voltage, 1s transmitted to the second power supply voltage
line ELVSSL, a data signal 1s transmitted to the data line Dy,
a light emitting signal 1s transmitted to the light emitting line
E1, a first scan signal 1s transmitted to the first scan line Si,
and a second scan signal 1s transmitted to the second scan
line S(1-1). The first scan signal transmitted to the first scan
line S1 and the second scan signal transmitted to the second
scan line S(1-1) differ from each other. For example, the first
scan line S1 1s an 1-th scan line and the second scan line
S(1-1) 1s an 1-1-th scan line.

FIG. 3 1s a schematic cross-sectional diagram of one pixel
of a display device according to an exemplary embodiment
of the present disclosure. FIG. 3 1s a schematic cross-
sectional diagram of the pixel PX1; in FIGS. 1 and 2 and
does not illustrate other elements except for the second gate
electrode 120, the second transistor M2, the seventh tran-
sistor M7 and the light emitting line Fi.

Referring to FIG. 3, according to an embodiment, a
substrate 111 supports various configurations of elements of
the display device 100. The substrate 111 may be formed of,
for example, a plastic, such as polyimide, but embodiments
are not limited thereto.

According to an embodiment, the second gate electrode
120 1s disposed on the substrate 111. The second gate
clectrode 120 overlaps an active layer 131 of the second
transistor M2, and a width of the second gate electrode 120
1s greater than a width of the active layer 131 of the second
transistor M2 1n a cross-sectional view. The second gate
clectrode 120 may be formed of various metals. An 1nsu-
lating layer may be disposed between the substrate 111 and
the second gate electrode 120. The insulating layer increases
adhesion between the substrate 111 and layers formed on the
insulating layer and can block alkali components, etc., that
flow out of a lower portion from flowing to an upper portion
of the insulating layer. The insulating layer may be a single
layer of silicon nitride (SiNx) or silicon oxide (S10x), or a
multilayer structure of silicon mitride (SiNx) and silicon
oxide (S10x), and embodiments are not limited thereto.
However, the msulating layer that can be disposed between
the substrate 111 and the second gate electrode 120 may be
omitted.

According to an embodiment, the second gate electrode
120 protects the active layer 131 of the second transistor M2.
Specifically, when the substrate 111 i1s formed of a plastic
material, and when the 1insulating layer that can be disposed
between the second gate electrode 120 and the substrate 111
includes silicon nitride (SiNx), hydrogen or moisture can
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diffuse upward from the substrate 111 or the insulating layer
and damage the active layer 131 of the second transistor M2.
In addition, a threshold voltage Vth of the second transistor
M2 can change due to a current drop phenomenon generated
by the substrate 111, which can reliability of the display
device 100. According to an embodiment, the second gate
clectrode 120 1s disposed under the active layer 131 of the
second transistor M2 and overlaps the active layer 131 to
block hydrogen or moisture from diffusing out of the bot-
tom, which can prevent a threshold voltage shift of the
second transistor M2 from occurring.

According to an embodiment, a bufler layer 112 1s dis-
posed on the second gate electrode 120 and the substrate
111. The bufler layer 112 insulates the second gate electrode
120 from the active layer 131 of the second transistor M2.
The bufler layer 112 may be a single layer of silicon nitride
(S1Nx) or silicon oxide (S10x), or a multilayer structure of
silicon nitride (S1Nx) and silicon oxide (S10x), but embodi-
ments are not limited thereto. The bufler layer 112 has a
contact hole formed to allow the light emitting line Ei1 to
come 1nto contact with the second gate electrode 120.

According to an embodiment, the second transistor M2 1s
disposed on the bufler layer 112. The second transistor M2
1s a top gate type coplanar structure. However, embodiments
of the present disclosure are not limited thereto.

Specifically, according to an embodiment, the active layer
131 of the second transistor M2 1s disposed on the bufler
layer 112. The active layer 131 1s formed of low temperature
poly-silicon (LTPS) or an oxide semiconductor, but embodi-
ments are not limited thereto. The active layer 131 includes
a channel region 1314 1n which a channel 1s formed, a source
region 1315 connected to a source electrode 132, and a drain
region 131¢ connected to a drain electrode 133. The channel
region 131a of the second transistor M2 1s doped with, for
example, boron. When the channel region 131a of the
second transistor M2 1s doped with boron, the threshold
voltage of the second transistor M2 1s positively shifted,
which can improve an afterimage of the display device 100.

According to an embodiment, a first gate insulating layer
113 1s formed on the active layver 131. The first gate
insulating layer 113 may be a single layer of silicon nitride
(S1Nx) or silicon oxide (S10x), or a multilayer structure of
silicon nitride (SiNx) and silicon oxide (S10x). Contact
holes are formed 1n the first gate insulating layer 113 through
which the source electrode 132 and the drain electrode 133
of the second transistor M2 make contact with the source
region 1315 and the drain region 131c¢ of the active layer
131, respectively, and through which the light emitting line
E1 makes contact with the second gate electrode 120.

According to an embodiment, a 1-1-th gate electrode
134a of the second transistor M2 1s formed on the first gate
insulating layer 113. The 1-1-th gate electrode 134a 1s
formed of a metal such as molybdenum (Mo). The 1-1-th
gate electrode 134a overlaps the channel region 1314 of the
active layer 131 of the second transistor M2.

According to an embodiment, a second gate insulating
layer 114 1s formed on the 1-1-th gate electrode 134a and the
first gate msulating layer 113. The second gate insulating
layer 114 1s formed of the same material as the first gate
isulating layer 113 and may be a single layer of silicon
nitride (SiNx) or silicon oxide (S10x), or a multilayer
structure of silicon nitride (S1Nx) and silicon oxide (S10x).
Contact holes are formed in the second gate insulating layer
114 through which the source electrode 132 and the drain
clectrode 133 make contact with the source region 1315 and
the drain region 131c of the active layer 131, respectively.
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According to an embodiment, a 1-2-th gate electrode
134bH of the second transistor M2 1s formed on the second
gate msulating layer 114. The 1-2-th gate electrode 134b 1s
formed of the same maternial as the 1-1-th gate electrode
134a and 1s formed of a metal such as molybdenum (Mo).
The 1-2-th gate electrode 1345 overlaps the channel region
131a of the active layer 131 of the second transistor M2. As
such, the first gate electrodes 134a and 1346 of the second
transistor M2 form a double layer. However, embodiments
of the present disclosure are not limited thereto, and the first
gate electrodes 134a and 134H of the second transistor M2
may be a single layer.

According to an embodiment, an interlayer insulating
layer 115 1s formed on the 1-2-th gate electrode 1345 and the
second gate insulating layer 114. The interlayer insulating
layer 115 1s formed of an inorganic material such as silicon
nitride (S1Nx) or silicon oxide (510x), and may be a single
layer or a plurality of layers, but embodiments are not
limited thereto.

According to an embodiment, the source electrode 132
and the drain electrode 133 of the second transistor M2 are
formed on the interlayer insulating layer 115. The source
clectrode 132 and the drain electrode 133 are electrically
connected to the active layer 131 through the contact holes
tformed 1n the first gate msulating layer 113, the second gate
insulating layer 114 and the interlayer insulating layer 115.
The source electrode 132 and the drain electrode 133 are
formed of a conductive material, and the source electrode
132 and the drain electrode 133 may be formed of the same
material through the same process, although embodiments
of the present disclosure are not limited thereto.

According to an embodiment, the light emitting line Ei 1s
formed on the first gate msulating layer 113. The light
emitting line Fi1 1s formed of the same material as the 1-1-th
gate electrode 134a of the second transistor M2 and a gate
clectrode 144 of the seventh transistor M7 and 1s formed of
a metal such as molybdenum (Mo).

According to an embodiment, the seventh transistor M7 1s
disposed on the bufler layer 112. Specifically, the seventh
transistor M7 has a top gate type coplanar structure. How-
ever, embodiments of the present disclosure are not limited
thereto.

Specifically, according to an embodiment, an active layer
141 of the seventh transistor M7 1s disposed on the butler
layer 112. The active layer 141 1s formed of low temperature
poly-silicon (LTPS) or an oxide semiconductor, but embodi-
ments are not limited thereto. The active layer 141 includes
a channel region 141a 1n which a channel 1s formed, a source
region 1415 connected to a source electrode 142 of the
seventh transistor M7, and a drain region 141¢ connected to
a drain electrode 143 of the seventh transistor M7. The
active layer 141 of the seventh transistor M7 1s formed of the
same material as the active layer 131 of the second transistor
M2, but embodiments are not limited thereto.

According to an embodiment, the first gate insulating
layer 113 1s formed on the active layer 141, and the gate
clectrode 144 of the seventh transistor M7 1s formed on the
first gate msulating layer 113. The gate electrode 144 of the
seventh transistor M7 1s formed of the same material as the
first gate electrodes 134a and 1346 of the second transistor
M2 and 1s formed of a metal such as molybdenum (Mo). The
gate electrode 144 overlaps the channel region 141a of the
active layer 141 of the seventh transistor M7.

According to an embodiment, the second gate insulating
layer 114 and the interlayer msulating layer 115 are sequen-
tially formed on the gate electrode 144 and the first gate
insulating layer 113. Contact holes are formed 1n the second
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gate insulating layer 114 and the interlayer insulating layer
115 through which the source electrode 142 and the drain
clectrode 143 make contact with the source region 1415 and
the drain region 141c¢ of the active layer 141, respectively.

According to an embodiment, the source electrode 142
and the drain electrode 143 of the seventh transistor M7 are
formed on the interlayer insulating layer 115. The source
clectrode 142 and the drain electrode 143 are electrically
connected to the active layer 141 through the contact holes
formed 1n the first gate msulating layer 113, the second gate
insulating layer 114, and the interlayer insulating layer 115.
The source electrode 142 and the drain electrode 143 of the
seventh transistor M7 can be formed of the same material
through the same process as the source electrode 132 and the
drain electrode 133 of the second transistor M2, although
embodiments of the present disclosure are not limited
thereto.

According to an embodiment, the source electrode 142 of
the seventh transistor M7 1s connected to the gate electrode
144 through the contact holes formed 1n the second gate
insulating layer 114 and the interlayer insulating layer 115.
Accordingly, the seventh transistor M7 can function as a
diode.

According to an embodiment, the seventh transistor M7 1s
connected between the second gate electrode 120 and the
light emitting line Fi1. Specifically, the source electrode 142
of the seventh transistor M7 1s electrically connected to the
second gate electrode 120 through the contact hole formed
in the bufler layer 112, the first gate insulating layer 113, the
second gate msulating layer 114, and the interlayer insulat-
ing layer 115. The drain electrode 143 of the seventh
transistor M7 1s electrically connected to the light emitting
line Ei1 through the contact hole formed 1n the second gate
insulating layer 114 and the interlayer insulating layer 115.
Accordingly, the second gate electrode 120 1s connected to
the light emitting line Ei1 through the seventh transistor M7.

According to an embodiment, a planarization layer 116 1s
disposed on the second transistor M2, the seventh transistor
M7, and the mterlayer msulating layer 115. The planariza-
tion layer 116 planarizes upper portions of the second
transistor M2 and the seventh transistor M7. The planariza-
tion layer 116 may be a single layer as illustrated in FIG. 3
or may be a multi-layered structure. The planarization layer
116 may be formed of an acryl-based organic matenal,
however, embodiments are not limited thereto.

In some exemplary embodiments, a passivation layer 1s
formed between the second and seventh transistors M2 and
M7 and the planarization layer 116. That 1s, to protect the
second transistor M2 and the seventh transistor M7 from
penetration ol moisture or oxygen, etc., a passivation layer
1s formed that covers the upper portion. The passivation
layer 1s formed of an 1norganic material and may be a single
layer or a multilayer structure, but embodiments are not
limited thereto. The passivation layer may be omitted.

Next, each signal that operates during one image frame of
the display device 100 described with reference to FIGS. 1
to 3 will be described with reference to FIG. 4.

FIG. 4 1s a timing diagram for one frame ol a display
device according to an exemplary embodiment of the pres-
ent disclosure. The timing diagram of FIG. 4 1llustrates the
light emitting signal transmitted to the 1-th light emitting line
E1 of one pixel PX1j of the display device 100 of FIGS. 1 to
3, the first scan signal transmitted to the first scan line Si1, the
second scan signal transmitted to the second scan line
S(1—1), the data signal transmitted to the j-th data line Dy,
and a first voltage V1 transmitted to the second gate elec-

trode 120.
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First, according to an embodiment, during a period prior
to a first time point t1, the light emitting signal 1s at a turn-on
level. The fifth transistor M3 and the sixth transistor M6 are
maintained 1n a turned-on state in response to the light
emitting signal, and the seventh transistor M7 operating as
a diode cuts ofl an electrical connection between the second
gate electrode 120 and the light emitting line Ei1. The second
gate electrode 120 maintains a floating state during the
period prior to the first time point t1. The period prior to the
first time point t1 1s a light emission permission period 1n
which the organic light emitting diode OLED can emit light.

According to an embodiment, the light emitting signal
changes from a turn-on level to a turn-oif level at the first
time point t1. The fifth transistor MS and the sixth transistor
M6 are turned ofl 1n response to the light emitting signal, and
the organic light emitting diode OLED stops emuitting light.
When the light emitting signal changes to the turn-oil level,
the seventh transistor M7 connected as a diode 1s turned on.
If the seventh transistor M7 1s turned on, the light emitting
line Ei1 1s electrically connected to the second gate electrode
120, and a turn-ofl level light emitting signal 1s transmitted
to the second gate electrode 120. The turn-ofl level light
emitting signal 1s a high-level voltage, and the first voltage
V1 transmitted to the second gate electrode 120 1s the same
voltage as the high-level light emitting signal voltage.

According to an embodiment, when a turn-off level light
emitting signal 1s transmitted to the second gate electrode
120 1n this way, a threshold voltage of the second transistor
M2 1s negatively shifted, which can suppress an increase 1n
a leakage current of the second transistor M2. In detail, when
no second gate electrode 120 1s disposed, scan signals are
periodically transmitted to the first gate electrodes 134a and
1345 of the second transistor M2, which can positively shift
the threshold voltage of the second transistor M2. I the
threshold voltage of the second transistor M2 is positively
shifted 1n this way, a leakage current of the second transistor
M2 increases, which can deteriorate 1image quality. Mean-
while, 11 a hugh-level voltage turn-ofl light emitting signal 1s
periodically transmitted to the second gate electrode 120,
which 1s a back gate of the second transistor M2, as 1n an
exemplary embodiment of the present disclosure, the thresh-
old voltage of the second transistor M2 1s negatively shifted,
which suppresses an increase 1n the leakage current.

According to an embodiment, at a second time point t2,
the second scan signal changes from a turn-off level to a
turn-on level. The fourth transistor M4 1s turned on in
response to the second scan signal. Accordingly, an 1nitial-
ization voltage transmitted through an mnitialization power
supply line VINTL 1s transmitted to the first node, and the
gate electrode of the first transistor M1 1s mitialized by an
initialization voltage.

According to an embodiment, at a third time point t3, the
first scan signal changes from a turn-ofl level to a turn-on
level, the light emitting signal 1s at a turn-oil level, and a data
signal 1s transmitted to the data line Dj. The second transistor
M2 and the third transistor M3 are turned on 1n response to
the first scan signal, and the fifth transistor M5 and the sixth
transistor M6 are maintained 1n a turn-oil state. Accordingly,
the data signal 1s transmitted to one electrode of the storage
capacitor Cst through the data line Dj, the second transistor
M2, the first transistor M1, and the third transistor M3, and
the storage capacitor Cst, records a diflerence between a data
voltage of the data signal and the first power supply voltage.

According to an embodiment, at a fourth time point t4, the
light emitting signal changes from a turn-ofl level to a
turn-on level. The fifth transistor M3 and the sixth transistor
M6 are turned on 1n response to the light emitting signal, and
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the seventh transistor M7 cuts ofl an electrical connection
between the second gate electrode 120 and the light emitting
line Ei. Accordingly, a current path 1s created that connects
the first power supply voltage line ELVDDL, the fitfth
transistor M5, the first transistor M1, the sixth transistor M6,
the organic light emitting diode OLED, and the second
power supply voltage line ELVSSL. The amount of current
flowing through the current path i1s determined according to
a magnitude of the voltage stored in the storage capacitor Cst
connected to the gate electrode of the first transistor M1. A
period after the fourth time point t4 1s a period 1n which the
organic light emitting diode OLED can emuit light, and the
second gate electrode 120, whose electrical connection with
the light emitting line E1 1s cut off, 1s maintained 1n a floating,
state.

In the display device 100 according to an exemplary
embodiment of the present disclosure, the second gate
clectrode 120 that overlaps the active layer 131 of the second
transistor M2 1s disposed between the substrate 111 and the
second transistor M2, and the second gate electrode 120 1s
connected to the light emitting line Fi1 through the seventh
transistor M7 functioning as a diode. Accordingly, a light
emitting signal 1s transmitted to the second gate electrode
120 during a light emission non-permission period in which
a high-level voltage turn-ofl light emitting signal 1s trans-
mitted to the light emitting line Ei. In this way, when a
high-level voltage 1s transmitted to the second gate electrode
120, a threshold voltage of the second transistor M2 can be
negatively shifted.

According to an embodiment, 1 the active layer 131 of the
second transistor M2 1s doped with boron as described
above, the threshold voltage of the second transistor M2 can
be positively shifted to reduce an afterimage of the display
device 100. However, when the display device 100 1s used
for long periods of time or 1n a high-temperature environ-
ment by a user, the threshold voltage of the second transistor
M2 can be further positively shifted, and a horizontal stripe
may be visible 1n the display device 100. Even when a
horizontal line 1s intended to be displayed on one region of
a screen ol the display device 100, another horizontal line
will be displayed on another region of the display device
100, and thus, the horizontal stripe can be visually recog-
nized on the screen of the display device as a whole.

However, according to an embodiment, in the display
device 100 according to an exemplary embodiment of the
present disclosure, during at least a part of the 1mage frame,
that 1s, a light emission non-permission period, a high-level
voltage light emitting signal 1s transmitted to the second gate
clectrode 120, and a threshold voltage of the transistor M2
1s negatively shifted. Accordingly, an afterimage of the
display device 100 1s reduced, and even when the display
device 100 1s used at a high temperature or for long periods
of time, the threshold voltage of the second transistor M2 1s
negatively shifted, which can reduce generation of horizon-
tal stripes.

FIG. § 1s a schematic cross-sectional diagram of one pixel
of a display device according to another exemplary embodi-
ment of the present disclosure. A display device 200 of FIG.
5 1s substantially the same as the display device 100 of FIGS.
1 to 4 except that second gate electrodes 221 and 222 are
different from the second gate electrode 120, and duplicate
description thereol will be omitted.

Referring to FIG. 5, according to an embodiment, the first
substrate 111 can support various configuration elements of
the display device 200. The first substrate 111 i1s substan-
tially the same as the substrate 111 of FIGS. 1 to 4. A 2-1-th
gate electrode 221 1s disposed on the first substrate 111. The
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2-1-th gate electrode 221 overlaps the active layer 131 of the
second transistor M2 between the first substrate 111 and the
second transistor M2. The 2-1-th gate electrode 221 can be
formed of various metal materials. An 1nsulating layer may
be disposed between the 2-1-th gate electrode 221 and the
first substrate 111 to isolate the 2-1-th gate electrode 221
from the first substrate 111. However, the nsulating layer
may be omitted. A contact hole 1s formed in the first
substrate 111 through which the 2-1-th gate electrode 221
makes contact with a 2-2-th gate electrode 222.

According to an embodiment, the first bufler layer 112 1s
disposed on the 2-1-th gate electrode 221 and the first
substrate 111. The first bufler layer 112 insulates the 2-1-th
gate electrode 221 from the active layer 131 of the second
transistor M2. The first builer layer 112 may be a single layer
of silicon nitride (Si1Nx) or silicon oxide (S10x), or a
multilayer structure of silicon mitride (SiNx) and silicon
oxide (S10x), but embodiments are not limited thereto.

According to an embodiment, a second substrate 117 1s
disposed under the first substrate 111. The second substrate
117 can support various configuration elements of the dis-
play device 200 thereon and 1s formed of the same material
as the first substrate 111. For example, the second substrate
117 can be formed of a plastic such as polyimide, however,
embodiments of the present disclosure are not limited
thereto.

According to an embodiment, the 2-2-th gate electrode
222 1s disposed on the second substrate 117. The 2-2-th gate
clectrode 222 overlaps the active layer 131 of the second
transistor M2, a width of the 2-2-th gate electrode 222 1s
greater than a width of the active layer 131 1n a cross-
sectional view, and a width of the 2-1-th gate electrode 221
1s greater than a width of the 2-2-th gate electrode 222 1n a
cross-sectional view. The 2-2-th gate electrode 222 can be
formed of various metal materials, and 1s formed of, for
example, the same material as the 2-1-th gate electrode 221.

According to an embodiment, a second builer layer 118 1s
disposed on the 2-2-th gate electrode 222 and the second
substrate 117. The second bufler layer 118 1s an insulating
layer that planarizes an upper surtace of the 2-2-th gate
clectrode 222 and helps bond the second substrate 117 and
the 2-2-th gate electrode 222 to the first substrate 111. The
second bufler layer 118 1s formed of the same material as the
first bufler layer 112 and may be a single layer of silicon
nitride (SiINx) or silicon oxide (S10x), or a multilayer
structure of silicon nitride (S1Nx) and silicon oxide (S10x),
but embodiments are not limited thereto. A contact hole 1s
tormed 1n the first substrate 111 and the second bufler layer
118 through which the 2-1-th gate electrode 221 makes
contact with the 2-2-th gate electrode 222.

According to an embodiment, the second substrate 117,
the 2-2-th gate electrode 222, and the second bufler layer
118 are disposed under the first substrate 111 and are 1in
contact with the first substrate 111. An upper surface of the
second bufler layer 118 makes contact with a lower surface
of the second substrate 117.

According to an embodiment, the 2-1-th gate electrode
221 1s electrically connected to the 2-2-th gate electrode 222
through the contact hole formed 1n the first substrate 111 and
the second bufler layer 118. As described above, the 2-1-th
gate electrode 221 is connected to the light-emitting line Ei
through the seventh transistor M7, and thus a high-level
voltage light emitting signal can be transmitted to the 2-1-th
gate electrode 221 during the light emission non-permissible
period 1 which a turn-off level light emitting signal 1s
transmitted to the light-emitting line Ei. A high-level voltage
light emitting signal 1s also transmitted to the 2-2-th gate
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clectrode 222 electrically connected to the 2-1-th gate elec-
trode 221 during the light emission non-permission period.
In this way, a high-level voltage 1s transmitted to the 2-1-th
gate electrode 221 and the 2-2-th gate electrode 222 during
the light emission non-permission period of each i1mage
frame. The two layers of the second gate electrodes 221 and
222 to which a high-level voltage 1s transmitted are formed
under the active layer 131 of the second transistor M2. The
second gate electrodes 221 and 222 have a two-layer struc-
ture. Therefore, a negative shuft of a threshold voltage of the
second transistor M2 can be more effectively performed, and
even when the display device 200 1s used for a long period
of time or at a high temperature, generation of horizontal
stripes can be further reduced.

FIG. 6 1s a circuit diagram of one pixel of a display device
300 according to another exemplary embodiment of the
present disclosure. FIG. 7 1s a schematic cross-sectional
diagram of one pixel of the display device 300 according to
another exemplary embodiment of the present disclosure.
The display device 300 of FIGS. 6 and 7 1s substantially the
same as the display device 100 of FIGS. 1 to 4 except that
the second gate electrode 320 1s connected to the first power
supply voltage line ELVDDL and no seventh transistor M7
1s provided, and duplicate description thereof will be omiut-
ted.

Referring to FIGS. 6 and 7, according to an embodiment,
the second gate electrode 320 1s disposed under the second
transistor M2 and overlaps the active layer 131 of the second
transistor M2, and 1s electrically connected to the first power
supply voltage line ELVDDL. Specifically, the first power
supply voltage line ELVDDL 1s formed on the second gate
isulating layer 114, and the first power supply voltage line
ELVDDL is formed of the same material as the 1-1-th gate
clectrode 134qa of the second transistor M2. The first power
supply voltage line ELVDDVL 1s electrically connected to the
second gate electrode 320 through a contact hole formed 1n
the bufler layer 112, the first gate insulating layer 113, and
the second gate insulating layer 114.

According to an embodiment, the first power supply
voltage 1s transmitted through the first power supply voltage
line ELVDDL during each image frame. The {first power
supply voltage 1s a high-level power supply voltage. The
second gate electrode 320 1s electrically connected to the
first power supply voltage line ELVDDL, and a high level
first power supply voltage 1s continuously transmitted dur-
ing each image frame.

In the display device 300 according to another exemplary
embodiment of the present disclosure, the second gate
clectrode 320 that overlaps the active layer 131 of the second
transistor M2 1s electrically connected to the first power
supply voltage line ELVDDL. Accordingly, a high level first
power supply voltage can be continuously transmitted to the
second gate electrode 320 during an 1mage frame. In this
way, when the high-level voltage 1s continuously transmitted
to the second gate electrode 320, a threshold voltage of the
second transistor M2 1s negatively shifted. If the active layer
131 of the second transistor M2 1s doped with boron as
described above, the threshold voltage of the second tran-
sistor M2 can positively shift to reduce an afterimage of the
display device 300. However, when a user uses the display
device 300 for a long period of time or at a high-temperature,
the threshold voltage of the second transistor M2 1s further
positively shifted, and a horizontal stripe may be visible in
the display device 300. Accordingly, 1n the display device
300 according to another exemplary embodiment of the
present disclosure, the high-level power supply voltage 1s
continuously transmitted to the second gate electrode 320
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during the entire period of the 1image frame, and the thresh-
old voltage of the second transistor M2 1s more eflfectively
negatively shifted. Accordingly, an afterimage of the display
device 300 1s reduced, and generation of horizontal stripes
can be more eflectively reduced even when the display
device 300 1s used for a long period of time or at a high
temperature.

According to an embodiment, the second gate electrode
320 of the display device 300 of FIGS. 6 and 7 can have a
two-layer structure like the second gate electrodes 221 and
222 of the display device 200 of FIG. 5. Specifically, in the
display device 300 of FIG. 7, the substrate 111 1s the first
substrate 111, and the second gate electrode 320 1s the 2-1-th
gate electrode 221. A second substrate 117, a second gate
clectrode 222, and a second bufler layer 118 can be further
formed under the first substrate 111 as 1llustrated in FIG. 5.
The 2-2-th gate electrode 222 overlaps the active layer 131
of the second transistor M2. The 2-2-th gate electrode 222
formed on the first substrate 111 1s electrically connected to
the 2-2-th gate electrode 222 through a contact hole formed
in the substrate 111 and the second bufler layer 118. Accord-
ingly, the first power supply voltage line ELVDDL, the
2-1-th gate electrode 221, and the 2-2-th gate electrode 222
are electrically connected to each other. Thus, the first power
supply voltage can be continuously transmitted to the 2-1-th
gate electrode 221 and the 2-2-th gate electrode 222 during
an 1mage frame, and the threshold voltage of the second
transistor M2 can be more eflectively negatively shifted by
the two layered second gate electrodes 221 and 222.

FIG. 8 1s a schematic cross-sectional diagram of one pixel
of a display device according to another exemplary embodi-
ment of the present disclosure. A display device 400 of FIG.
8 1s substantially the same as the display device 100 of FIGS.
1 to 4 except that the second gate electrodes 421 and 422
differ from the second gate electrode 120, and duplicate
description thereof will be omutted.

According to an embodiment, the first substrate 111
supports various configuration elements of the display
device 400. The first substrate 111 1s substantially the same
as the substrate 111 of FIGS. 1 to 4. A 2-1-th gate electrode
421 1s disposed on the first substrate 111. The 2-1-th gate
clectrode 421 overlaps the active layer 131 of the second
transistor M2 between the first substrate 111 and the second
transistor M2. The 2-1-th gate electrode 421 can be formed
ol various metals.

According to an embodiment, the first bufler layer 112 1s
disposed on the 2-1-th gate electrode 421 and the first
substrate 111. The first bufler layer 112 1s an insulating layer
that insulates the 2-1-th gate electrode 421 from the active
layer 131 of the second transistor M2. A contact hole 1s
formed 1n the first bufler layer 112 through which the source
clectrode 142 of the seventh transistor M7 1s connected to
the 2-1-th gate electrode 421. The drain electrode 143 of the
seventh transistor M7 1s connected to the light emitting line
E1. When a turn-ofl level light emitting signal 1s transmitted
through the light emitting line Ei1 as described above, the
high-level voltage turn-off level light emitting signal 1s
transmitted to the 2-1-th gate electrode 421. Accordingly, a
high-level voltage can be transmitted to the 2-1-th gate
clectrode 421 during the light emission non-permission
period of each image frame. Since the 2-1-th gate electrode
421 1s electrically disconnected from the light emitting line
E1 during the light emission permission period by the
seventh transistor M7, the 2-1-th gate electrode 421 can
float.

According to an embodiment, the second substrate 117 1s
disposed under the first substrate 111. The second substrate
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117 can support various configuration elements of the dis-
play device 400 on the second substrate 117 and 1s formed
of the same material as the first substrate 111. For example,
the second substrate 117 1s formed of a plastic such as
polyimide, although embodiments are not limited thereto.

According to an embodiment, the 2-2-th gate electrode
422 1s disposed on the second substrate 117. The 2-2-th gate
clectrode 422 overlaps the active layer 131 of the second
transistor M2, and a width of the 2-2-th gate electrode 422
1s greater than a width of the active layer 131 of the second
transistor M2 1n a cross-sectional view. The 2-2-th gate
clectrode 422 can be formed of various metal materials and
1s formed of the same material as, for example, the 2-1-th
gate electrode 421.

According to an embodiment, the second bufler layer 118
1s disposed on the 2-2-th gate electrode 422 and the second
substrate 117. The second bufler layer 118 1s an insulating
layer that planarizes an upper surface of the 2-2-th gate
clectrode 422 and helps bond the second substrate 117 and
the 2-2-th gate electrode 422 to the first substrate 111. The
second bufler layer 118 1s formed of the same material as the
first bufler layer 112, may be a single layer of silicon nitride
(S1Nx) or silicon oxide (510x), or be a multilayer structure
of silicon nitride (SiNx) and silicon oxide (510x), but
embodiments are not limited thereto.

According to an embodiment, the second substrate 117,
the 2-2-th gate electrode 422, and the second builler layer
118 are in contact with the first substrate 111 under the first
substrate 111. An upper surface of the second builer layer
118 makes contact with a lower surface of the second
substrate 117.

According to an embodiment, the 2-2-th gate electrode
422 1s connected to the first power supply voltage line
ELVDDL through a contact hole formed in the second butler
layer 118, the first substrate 111, the first butler layer 112, the
first gate msulating layer 113, and the second gate isulating
layer 114. A high level first power supply voltage 1s trans-
mitted to the first power supply voltage line ELVDDL during
cach 1mage frame. The 2-2-th gate electrode 422 is electri-
cally connected to the first power supply voltage line
ELVDDL, and high level first power supply voltage can be
continuously transmitted during each image frame.

In addition, according to an embodiment, 1n the display
device 400 of FIG. 8, the 2-1-th gate electrode 421 and the
2-2-th gate electrode 422 may be connected diflerently than
what 1s shown 1n FIG. 8 Specifically, the 2-1-th gate elec-
trode 421 may be connected to the first power supply voltage
line ELVDDL and the 2-2-th gate electrode 422 may be
connected to the seventh transistor M7, but embodiments of
the gate electrodes are not limited thereto.

In the display device 400 according to another exemplary
embodiment of the present disclosure, the 2-1-th gate elec-
trode 421 1s connected to the light emitting line E1 through
the seventh transistor M7 and receives a high-level voltage
during a light emission non-permission, and the 2-2-th gate
clectrode 422 1s connected to the first power supply voltage
line ELVDDL and continuously receives a high-level power
supply voltage during an i1mage frame. Accordingly, a
threshold voltage of the second transistor M2 can be nega-
tively shifted as a high-level voltage 1s transmitted to the
2-1-th gate electrode 421 and the 2-2-th gate electrode 422
during a light emission non-permission period. In addition,
the threshold voltage of the second transistor M2 1s nega-
tively shifted as the high-level voltage 1s transmitted to the
2-2-th gate electrode 422 during the light emission permis-
sion period. Therefore, the negative shift of the threshold
voltage of the second transistor M2 can be more effectively
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performed, and even when the display device 400 1s used for
a long period of time or at a high temperature, generation of
horizontal stripes can be further reduced.

According to an embodiment, either or both of the 2-1-th
gate electrode 421 or the 2-2-th gate electrode 422 of the
display device 400 of FIG. 8 can have a two-layer structure
like the second gate electrodes 221 and 222 of the display
device 200 of FIG. 5. Specifically, 1n the dlsplay device 400
of FIG. 8, a third substrate and a third bufler layer can be
turther formed under the first substrate 111, and a fourth
substrate and a fourth bufler layer can be further formed
under the second substrate 117 similar to that illustrated in
FIG. 5. The second layer of the 2-1-th gate electrode 421 or
the 2-2-th gate electrode 422 can then be formed between the
third substrate and the third bufler layer, and between the
fourth substrate and a fourth butfler layer, respectively.
Contact holes can be formed through the first substrate 111
and the third bufler layer so that the 2-1-th gate electrode
421 can be electrically connected to 1ts second layer, and
contact holes can be formed through the second substrate
117 and the fourth bufler layer so that the 2-2-th gate
clectrode 422 can be electrically connected to 1its second
layer.

The {foregoing detailed description exemplifies and
explains exemplary embodiments of the present disclosure.
However, embodiments of the present disclosure may be
used 1n various other combinations, changes, and environ-
ments from those described above and may be changed or
modified within the scope of embodiments of the inventive
concepts disclosed in the present specification, the scope
equivalent to the described disclosure, and/or the skill or
knowledge of the art. Accordingly, the foregoing detailed
description of exemplary embodiments of the disclosure 1s
not intended to limit the disclosure to the disclosed exem-
plary embodiments. In addition, the appended claims should
be construed to include other exemplary embodiments.

What 1s claimed 1s:

1. A display device, comprising:

a plurality of pixels,

wherein each pixel includes:

a first transistor that controls an amount of current
which 1s supplied from a first power supply voltage
line connected via a second node to an organic light
emitting diode 1n response to a voltage of a first
node;

a second transistor connected between a data line and
the second node and that includes a first gate elec-
trode connected to a first scan line and one of at least
one second gate electrode connected to the first
power supply voltage line; and

a light emitting line connected to a gate electrode of at
least one light emitting transistor located 1n a current
path between the first power supply voltage line and
the organic light emitting diode,
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wherein a light emitting signal 1s transmitted to over the

light emitting line the one of at least one second gate

clectrode of the second transistor when the light emut-

ting signal of the light emitting line 1s at a high level,

and the one of at least one second gate electrode floats
when the light emitting signal 1s at a low level.

2. The display device of claim 1, wherein the high level

light emitting signal 1s transmitted to the one of at least one

second gate electrode during a light emission non-permis-

sion period of the organic light emitting diode.

3. The display device of claim 1,

wherein each of the pixels further includes:

a third transistor connected between the first node and
a third node and that includes a gate electrode
connected to a first scan line;

a Tourth transistor connected between the first node and
an 1nitialization power supply and that includes a
gate electrode connected to a second scan line; and
a storage capacitor connected between the first

power supply voltage line and the first node, and
wherein the at least one light emitting transistor includes:

a fifth transistor connected between the first power
supply voltage line and the second node and that
includes a gate electrode connected to the first node;
and

a sixth transistor connected between the third node and
the organic light emitting diode and that includes a
gate electrode connected to the light emitting line.

4. The display device of claim 1, wherein an active layer
of the second transistor has a doped channel region, and the
one of at least one second gate electrode overlaps an active
layer of the second transistor.

5. The display device of claim 1, further comprising:

a seventh transistor connected between another at least
one second gate electrode of the second transistor and
the light emitting line,

wherein a gate electrode and a first electrode of the
seventh transistor are connected to the another at least
one second gate electrode, and

wherein a second electrode of the seventh transistor is
connected to the light emitting line.

6. The display device of claim 5, wherein a high-level
voltage 1s continuously transmitted to the another at least
one second gate electrode during an 1image frame.

7. The display device of claim 5, wherein the another at
least one second gate electrode includes two layers electr-
cally connected to each other with an insulating layer
interposed therebetween.

8. The display device of claim 1, wherein the one of at
least one second gate electrode includes two layers electri-
cally connected to each other with an insulating layer
interposed therebetween.
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